Various approximate methods have been used for the calculation of metallic wave functions.' Of these, the most important are: (1) the approximation of "tight binding" in which it is assumed that the atoms are relatively far away from one another, so that the overlap of the wave functions of the electrons in neighboring atoms is small ;2 (2) the opposite limiting case, the approximation of nearly free electrons, in which it is assumed that the variations in the potential energy are small in comparison with the kinetic energy of the metallic electrons3 and (3) the method of Wigner and Seitz4 and its extensions by Slater,' which is the most accurate of all. We wish to discuss the expressions for the current in the first of these methods. In this method, the Bloch wave functions are approximated by a linear combination of atomic wave functions.
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The Bloch form for the wave function of a metallic electron is k = PHYSICS: BARDEEN A ND VA N VLECK exp(ikr)uk (r), where Uk(r) has the translational period of the crystal lattice. The vector k is the propagation vector of the electron wave, and is in magnitude 27r/X, where X is the wave-length. The standard expression for, say, the x-component of the current carried by an electron in this state is:
The Bloch expression for the same component of the current is6
where E is the energy, expressed as a function of the propagation vector k. These two expressions are, of course, equal if tk is an exact solution of the Schrodinger equation:
-(h2/8712$) A4tk + V(r) k = Ekk (3) in which V(r) is the periodic potential of the crystal lattice. If 'Pk is determined by some approximate method, there is no reason to suppose that (1) and (2) will give the same result. In fact, if hydrogen-like atomic wave functions, e-', are used for the calculation of the Bloch wave functions in the approximation of "tight-binding" it is found, as will be shown more explicitly later, that (1) is just one-third of (2).7
Such disagreement on the current is perhaps at first surprising, because one might expect that, at least in the limiting case when the distance between the atoms is very large, the approximate wave function so derived will be very close to the exact wave function, obtained by solution of the Schrodinger equation. However, in this limit the current goes to zero, and while both (1) and (2) approach zero, the ratio between them does not approach unity.
It is the purpose of the present paper to point out this discrepancy, explain somewhat its causes and to examine the type of wave function for which exact agreement is to be expected.
Let us first examine the nature of the field in which the electron moves.
We may assume that the potential in the crystal lattice is fairly constant in the regions between the atoms, and, without loss of generality, this constant potential may be taken equal to zero. If the potential in the neighborhood of any atom is U(r), the total potential in the crystal is8
where the sum is over all lattice points (designated by the vectors ps).
Here U(r) cannot be taken to be the true atomic potential (i.e., the field of the ion about which the valence electron of the free atom moves), as is generally assumed, because the latter will fall off as 1/r for large r, and the sum (4) will be infinite for an infinite lattice. Rather, one should use a screened field which in the neighborhood of any atom is very nearly equal VOL. 25, 1939 to the field of the ion, but which falls off exponentially instead of as 1/r at large distances. 
e-"Ir, (6) in which a is determined from Eo = -ax2h2/87r2jL. ( 
7)
The true atomic wave function would instead have the asymptotic form e-ar, which is appropriate for an electron moving in a coulomb field.
The wave function of an electron moving in the crystal lattice is formed from an appropriate linear combination of the "atomic" wave functions.8 fk = 21 exp[likpl] p(jr -p1j), (8) the sum running over all lattice points.
In this approximation the energy, Ek, is :8
The Bloch expression for the velocity of an electron in the state k is
in which I, is the integral: = Jfy(Ir -plI)(V(r) -u(r)) p(r)dr = fq,(Ir -plzI)( u(Ir -PmI))p(r)dT. 
so that
In view of (16), the two expressions (10) On the other hand, for hydrogen-like wave functions of the form e-a, the overlap integral is proportional to9 eãpI + ap + l/smap)2I, and with tnis expression (19) is just one-third of (10).
